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ABSTRACT 

The occupational transferability of skills learned in 
school and on the job has been studied very little. This paper 
reports some estimates of the monetary trade-off between 
specialization and occupational flexibility in the Ph.D^s choice of 
major at undergraduate and graduate school. These estimates are based 
for the most part on multiple regression analysis of educational 
background and career data for a sample of 30,000 Ph.D.^s in the 
sciences. These data indicate that Ph.D. *s whose education is more 
occupationally specific, because they took the same field as an 
undergraduate major as that in which they earned their Ph.D., have 
career mobility that is 10%lower than those Ph.D.'s whose education 
was less specialized. In addition, when a specialist moves out of her 
Ph.D. occupation she receives a salary increment for the occupational 
switch that is about $800 less than the non-specialist's. On the 
other hand, specialists who remain employed in their Ph.D. field earn 
a return of about $80 per year on the extra skill they acquired in 
their Ph.D. specialty by taking the same field as an undergraduate 
major. (Author) 
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Abstract 



The occupational transferability of skills learned in school and 
on the job has been studied very little. This paper reports some 
estimates of the monetary trade-off between specialization and occupa- 
tional flexibility in the Ph*D,'s choice of major at undergraduate and 
graduate school. These estimates are based for the most part on 
multiple regression analysis of educational background and career data 
for a sample of 30,000 Ph.DJs in the sciences. These data indicate 
that Ph.D.^s whose education is more occupational ly specific, because 
they took the same field as an undergraduate major as that in which 
they earned their Ph.D., have career mobility that is ]0% lower than 
those Ph.D.'s whose education was less specialized. In addition, when 
a specialist moves out of her Ph.D. occupation, she receives a salary 
Increment for the occupational switch that is about $800 less than the 
non-specialist's. On the other hand, specialists who remain employed 
In their Ph,D. field earn a return of about $80 per year on the extra 
skill they acquired in their Ph.D. specialty by taking the same field 
as an undergraduate, major. ^L^^^-^'^-^iru) 
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Two commonly held beliefs about the Ph.D. degree and those few 
people who own one are (0 that the degree certifies the completion 
of very specific training for research, and sometimes teaching, in 
some specialized scientific discipline; and (2) that the economic 
rewards for having a Ph.D. degree are so small, and the behaviour 
of Ph.D.*s in general seemingly so eccentric, that Ph.D. holders 
must somehow be less subject than the average person to the kinds of 
economic motives that are believed to guide the behavior of \vost 
participants in the labor market — e.g., attempting to maximize 
Income while doing as little work as possible without being fired. 

It is true that the average before-tax rate of return to graduate 
education has been estimated tg be at most 7% for white males' ^ and 
perhaps as low as less than 1^ . However, such rate of return 
studies do not take into account changes in the labor-leisure choice 
which are coincident with the attainment of a graduate degree; they 
also Ignore the consumption component of the expenditure on graduate 
education.^ Such adjustments would probably raise estimated returns 
to a level consistent with the hypothesis that Ph*D.*s follow economic 
incentives In making the decision to obtain a Ph.D. 

In fact, the proposition that Ph.D.'s are not much influenced by 
economic motives is rather surprising on its face, because Ph.D.^s 
would seem v.o be less subject than other members of the labor 
force to the kinds of institutional constraints that would force their 
behavior to deviate from the economic model. The conventional 
theories should better explain and predict their choices than they 
do the choices of some other group, such as women or blacks, whose 
economic options are quite circumscribed by institutional barriers* 

As this reasoning would suggest, there has been some recent 
work that shows economic incentives are very important in explaining 
the behavior of Ph.D.'s. For example, Freeman [10] examined the 
significance of such incentives in explaining occupational mobility 
of Ph.D. holders. He concluded, *'Post-degree mobility patterns... c 
can be explained in terms of economic motivation. The average income 
in fields feeding workers to a specialty Is below the income of fields re- 
ceiving workers from the specialty. The level of mobility appears to be 
influenced by the relative income among fields and by the 'technological 
similarity^ among fields."^ Freeman also found that relative demand con- 
ditions Influenced the choice of field of study by students enrolling in 
Ph.D. degree progrr3ms.5 

Hanoch [11], page 322. 

'^Bailey and Schotta [3], page 29. 

See Morris [l8] for a theoretical discussion and critique of. rate of 
return analysis. 

Freeman [10], chapter ^, page 77. 

^In an unpublished thesis, Breneman [6] provided some theoretical analysis 
and empirical evidence that indicated Ph.D. holders respond to market 
conditions In the various scientific fields by using their influence as 
faculty to make it more or less difficult for others to attain the Ph.D., 
depending on whether there is an excess or shortage of Ph.D.'s as 
Q compared to available jobs. 
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Evidence has also begun to accumulate that contradicts the first 
belief listed above about the Ph.D. degree — the assertion that a 
Ph.D.'s choice of occupation is unique and irreversible. Studies by 
Brown [8] and the National Research Council [20], plus the study just 
mentioned by Freeman, all found that there was substantial occupational 
switching by people with Ph.D. degrees. For example, the NRC study 
showed that, for a cohort of persons who obtained their Ph.D. by 1955f 
about 25% had swtiched by 1962 into a Job that made use of a specialty 
field different than their Ph.D. discipline.^ 

Based on the same sample of 30,168 Ph.D.*s from the National 
Register of Scientific and Technical Personnel which is used in the 
present study, I found in some preliminary work that the average 
retention rate in I966 for these Ph.D.'s, all of whom had attained 
their degree by I960, was 61^, ranging from 35% in engineering to 73% 
in psychology.' These data suggest strongly that as the years pass 
after receipt of their degree, many Ph.D.'s find desirable the idea 
of working in some new discipline, and a substantial number are given 
the opportunity to do just that. 

Yet evidence such as that provided in these four studies is not 
conclusive enough to shake the belief that if a person wants to be, 
say, an economist, she had better get a Ph.D. in economics, rather 
than mathematics or physics. Looking at evidence similar to that" 
used in these studies Weiss concluded, "...the working life pattern 
of the typical scientlest is characterized by an early investment in 
education and occupational stability. "8 

It is the purpose of this paper to outline a theory of Ph.D. 
occupational mobility that emphasizes the trade-off in educational 
choices betv/een specialization and occupational flexibility. This 
trade-off has been essentially ignored in previously published 
theoretical and empirical work on education and human capital. Much 
empirical evidence is offered as a test of the theory of occupational 
mobility and educational choice. Some estimates are given of the 
costs of specialization to those Ph.D.'s who later decide to change 
occupations, as well as some estimates of the returns to specialization 
for those who don't change fields. 

1. A Simple Theory of Ph.D. Occupational Mobility 

The conventional theory of human capital has been solely 
concerned with analyzing the choice of number of years, of education 
to acquire, an occasional footnote or brief aside being devoted to 
the choice of quality for each of those educational years. 9 Yet 
if educational investments are productive of more than one kind of 
skin (human capital), then choosing the mix of those skills to acquire 

See National Research Council [20], Appendix 15 for detailed tables of 
retention rates by scientific discipline. 

^Morris [I6], pages 37-38, or [17], pages I66-I67. 

^Weiss [22], page 838. 

^See, for example, Becker [k] or Blaug [5]. 
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is at least as critical a decision as deciding whether to go to 
school another year. Investr^3nt productivity measures such as the 
rate of return are of no help in making this choice of mix, unless 
the average combinations of skills are specified in the income streams 
beina compared. 

As an example of this type problem, consider a person who 
has just graduated from high school and knows she wants to become a 
scientist in some field, say physics. Should her undergraduate 
training be in physics, as well as her Ph.D. work? Or should she study 
statistics or chemistry as an undergraduate? If she later in her 
career decides that she wants to change occupations from physicist to 
statistician, will her choice of undergraduate field have made any 
difference? 

The confidence she has at age eighteen that she wants to be a 
physicist until age sixty-five will of course have a lot to do with 
the answer to these questions. But if she is not almost certain, 
then she would probably like to know something about the trade-off 
between specialization and occupational flexibility, in terms of the 
costs associated with specializing in physics both in undergraduate 
and graduate school and later deciding to become a statistician. Or 
in terms of the returns to be gained by specializing in physics if 
she spends her career doing physics. 

The extent to which her educational training provides a mix 
of skills that ss useful in more than one occupation would thus 
partially define her opportunity to change occupations. The occupa- 
tional generality or specificity of on-the-job training after 
graduation would also affect her occupational mobility. 

Becker has provided an extensive analysis of general and specific 
on-the-job training as related to employer mobility.'^ The essential 
Idea developed was that general training would be useful to any 
employer, so that the employee would bear the full costs of such 
training as a deduction from current wages. That is, tuition would 
be deducted from the employee's pay to cover the costs of her 
training — time and effort devoted to learning instead of working, 
teaching provided by others, equipment and materials used. 

Completely specific on-the-job training, on the other hand, 
would only raise the worker's productivity as long as she remained 
with the employer from whom she received the training. If she quit 
or was fired after the training period, then the returns from that 
training would be lost. The employee and employer would share this 
loss in proportion to their share in the cost of training. These 
shares, in turn, would depend on such factors as the rate of labor 
turnover, the extent to which such turnover was employee or employer 
Induced, and the attitudes of each party toward risk. 

These ccs"tcepts are reads !y appl ted to the consideration hers of 
Ph.D. occupational mobility, as long as the distinction between 
job (employer) mobility and occupational mobility is kept in mind. 
Inasmuch as there are a number of employers for each scientific 
speciality, most occupatronal training — e.g., reading journals, 
attending seminars, and discussing new concepts with colleagues — is 
employer general for Ph.D.'s. That portion which is til so occupat ional ly 



See' Becker [U] , pages 8-29. 



general would have tuition costs that would be paid In full by the 
scientist as a deduction from her current salary. 

However, even that part which Is occupational ly specific would 
be paid for by the scientist as a salary deduction. An academic 
Institution, for exampJe, would be reJuctant to pay the costs of 
training, say, a star physicist who would later in her career be 
likely to move to some more prestigious university. The employed 
scientist must thus bear the risk of unc^ertaki ng occupat ibna 1 1 y- 
specific training whose value would be lost if she later decided to 
change fields. The major exception to this principle would occur 
when some particular occupation was severely short of scientists; 
In which case all employers might find it in their interests to pay 
the costs of training scientists In other fields to learn the 
scientific skills of the speciality In short supply, or the costs 
of making those few in the field much more productive. 

On the other hand, some occupational ly-general training is 
employer specific, and the costs are borre by the employer. For 
example, certain administrative tasks at an academic institution 
require that the scientists who must do them be somewhat trained 
before they undertake these tasks. Scientists appear to regard such 
tasks as distasteful; but they do them precisely because training 
costs are paid by the university, and because some of the returns 
from that training are handed over to keep the scientist with 
administrative skills on the payroll. 

In general, for both occupational ly-general and-specific training 
that Is also employer specific, the costs would tend to be shared on 
the basis of the same kinds of considerations that determine shares 
In the special case of many employers who hire for one occupation. The 
complication added when emplioyees can do more than one occupation is 
that the risk of losing the return on training costs is grejater for 
both employer and employee when the on-the-job learning is occupa- 
tlonally specific, as well as employer specific. For this reason, 
the portion of total on-the-job training that is specific to both 
employer and occupation vould be small relative to training that is 
general In at least one of the two dimensions, regardless of how the 
costs of such training are shared. 

The difficulty in testing these hypotheses about on-the-job 
training for Ph.D.'s Is that no one has developed a classification 
schema that identifies the occupational and employer specificity 
of the various training activities in which scientists engage. On the 
other hand, there Is a simple way to classify the specificity of 
educational training, if the natural identification Is made between 
academic d iscipl ines and occupational specialties. That is, suppose 
a Ph»D. In, say, chemistry is taken to be the usual educational 
training required to be a chemist. Then the person who also took her 
undergraduate degree In chemistry v/ould have more specific training 
than someone who took an undergraduate degree in physics. Other 
factors being equal, the former Ph,D. would be more specialized in 
chemistry and her educational training would have given her less 
occupat i'ona 1 f lexi bi 1 i ty. 

Graph 1 cnn be used to illustrate the effect on the Ph,D.'s 
career mobility of the decision to be specialized in chemistry. The 
curve labeled SS represents the propensity for a Ph,D. to change 




occupations during her career as a function of the difference between 
the average salary she would be paid in occupations that she chose 
to move into, and the average salary In the occupations from which 
she moved. The SS, or mobility supply, curve slopes upward because 
the Ph.D.'s desire to change occupations would be an increasing 
function of the opportunity cost of remaining in a given occupation 
from some point unil the end of her career^ 

Given the Ph.D.'s abilities, experiences, and educational 
training (in short, her cognitive and affective characteristics); 
given any ascriptive characteristics (for example, sex, race, or 
ethnic origin); and given her current i^alary, there is some maximum 
salary increase that an employer would be willing to pay to bid the 
Ph.D. out of her current occupation into some other one. For her whole 
career, the average of these salary increases offered to induce 
occupation switching would be given on Graph 1 by the Intersection of 
the perfectly elastic mobility demand curve DD with the vertical axis. 
Observed occupational mobility — the number of different occupations 
in which the Ph.D. worked during her career — would depend on both 
the supply of, and demand for, mobility, as is illustrated by the 
intersection point M on Graph 1. 

The Ph.D. who chose to specialize in chemistry would find that 
the demand of employers for her occupational mobility would be 
lower than demand for mobility of someone less specialized, as 
indicated by D'D* on Graph 1, Because she would be less productive 
in another occupation, say, physics, than the chemistry Ph.D. who 
had an undergraduate degree in physics, her career mobility (M') 
would be lower. On the other hand, specialization would have payoffs 
if she remained in chemistry; so that occupational mobility would be 
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given up tn return for greater productivity (and correspondingly 
higher salary) in her field of special ization J ^ 

These two hypotheses — that specialization reduces career 
mobility because it shifts the mobility demand curve down, and that 
specialization pays off for the Ph.D. who remains employed in her 
speciality — can be empirically tested. The formal model to be 
estimated includes the mobility demand and supply curves, and an 
equation for the salary of the Ph.D. in her Ph.D. field just prior 
to her first occupation change. The latter is included in the 
structural model to determine whether Ph.D.^s who change occupations 
are being pushed out of thesr field by a low salary, or drawn out by 
a relatively high offer in another occupation, as compared to the 
average salary being paid in the Ph.D.'s speciality. It will also 
be used to estimate whether any tuition costs are being paid for on- 
the-job training of Ph.D.'s v^ho change occupations. 

The basic salary (S) of the Ph.D. just prior to an occupation 
change thus is; 

(1) S = a^^^ + I af'^Z. + gj^^ SEX + s]^^ NONCIT + I y^^h\ + U^^\ 
1/ t I I « ^ .11 

i I 

v/here Z is a vector of dummy variables that describes the Ph.D.'s 
educational background by the following characteristics: 

1* Specialization In the same field for undergraduate and 
graduate work. 

2. Ph.D. field (agricultural science, astronomy, biological 
science, biomedical science, chemistry, earth science, 
engineering, mathematics, physics, psychology, statistics, 
interdisciplinary). 

3. Undergraduate field (the Ph.D. fields plus economics, 
linguistics and sociology). 

A. School type (top-rated graduate/ second level graduate, 
liberal arts undergraduate, al 1 others). 

SEX is a dummy variable that takes on the value one if the 
Ph.D. is a woman; NONCIT equals one if the Ph.D. is not a U.S. 
Citizen, Z' is a vector of dummy variables that describes the Ph.D.'s 
career profile by age, professional experience, years since the Ph.D. 
degree was awarded, time between B.S. (or B.A.) and Ph.D., employer 
type (academic, business, government) , academic rank (dean, tenured 
professor , non-tenured professor^ all others), and geographical 
area of employment v 

The variable is an error term that includes the effect of 

variables, such as ability, which are not included in the data on 
which the equation is estimated. The superscripts on the error term 
and the coefficients refer to the structural equation in which each 
belongs. 

Dummy variables measuring the Ph.D.'s career timing are included 
In the basic salary equation to measure the embodiment of knowledge 
in the Ph.D. at various points in her career^, and the deterioration 
of that knowledge throughout the remainder of her career. Consider 



for a more detailed theoretical analysis of the economic 
knowledge transferability among occupations. 
6 



''see Morris [19] 
O Impl Ications of 
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the following coefficients for these effects: 

Born In I.q B.S. in t^ Ph.D. in t^ 

Embodied b b b 

Knowledge 0 1 2 

Deterioration d^ d^ d^ 

In a continuous time income model in which embodiment and 
deterioration are exponential, the effect of time on Income y(t) 
would be given by: 

y(t) = exp [bptQ + b^t^ + b^t^ - d^{t-t^) - d^(t-t^) - d^Ct-t^)]. 

In addition, if on-the-job training takes place continuously after 
completion of the Ph.D., then income would be raised with the passage 
of time by another exponential factor a(t-t2), where a is the net 

rate of accumulation which Is here assumed constant over the Ph.D.^s 
career. 

Some manipulation of these exponential coefficients yields the 
fol lowing: 

y(t) = exp [(bp + b^ + h^)t^ - (dp - - b2)(t - tp) - 

(d^ + b^ + d^ + b2)(t - t^) - (d^ + bp(t2 - tp + 
a(t - t^)], 

where t - t^ equals rige, ^ " ^2 ^^"^^^ years since the Ph.D. degree, 

" t^ equals time from B.S. to Ph.D., and t - t^ equals professional 

experience. For example, the longer the time between undergraduate 
and graduate degrees, the greater the cost in foregone income of not 
using the knowledge embodied in undergraduate school while in graduate 
school to earn a Ph.D. Rather than assuming that embodiment and 
deterioration of knowledge effects were exponential , five-year- 
interval dummy variables were Included in the salary equation for 
each of these career timing factors. 

One interesting implication of this continuous time, exponential 
effects model is that if supply and demand are in equilibrium, 
the rate of a Ph.D.'s salary growth is completely dependent on the 
net rate of on-the-job training which is undertaken, as it is given by: 

y'(t)/y(t) = a-dp-d^-d^. 

A person can thus select her sslsry level by deciding when and how 
long to attend school, but income growth depends on whether the net 
rata of on-the-job training exceeds the combined rates of deterioration 
of knowledge embodied at birth and in school. If the net training 
rate is not constant over tijue, but is, say, single-peaked, then the 
Ph*D,'s salary could grow early in her career and then fall off at 
the end. This would explain the single-peaked age-income profiles which 
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are often observed. ^ 

The passage of time is not the only reason why a Ph.D.'s salary 
would grow. As indicated above, a person could always change 
occupations If the salary increase for doing so is attractive. Over 
her career, the average salary Increase LS^ offered would be given 
by the mobility dernand curve: 

where ZT Is the vector of dummy variables for educational background, 
truncated to Include only Ph.D. field and specialization variables. 
Since Ph.D. field and employment field are identical at the time the 
Ph.D. begins to change occupations, the coefficients on the Ph,D, 
field variables measure, in part, the relative transferability of 
knowledge in the twelve scientific fields included in the present 
study. The coefficient on the specialization variable should be 
negative, if the hypothesis that specialization reduces mobility 
demand Is true. 

Salary level in the Ph.D.'s home field before she first changes 
her occupation is included in the structural equation for mobility 
demand to hold constant the effects of relative salary levels prior 
to occupational switching. The coefficient yp) should be negative 

because the higher the salary baise before the Ph.D. changes occupations, 
the lower the average salary increase she would jget, other factors 
being equal . 

The final structural equation is for mobility supply, and is given 

where H is the number of different occupations in vjhich a Ph.D. works 
during her career and is the specialization -dummy variable. 

is Included in the mobility supply equation to estimate whether 
specialists are expressing an occupational preference by studying the 
same scientific specialty in undergraduate and graduate school. If 
they are, then aj^' would be negative. u(3) Includes the effects 

of any variations in occupational preference, not measured by the 
specialization variable. 



'On the other hand, adjusting income for age but not date of birth 
as is typically done in cross-section estimation, and as was done 
here because of an oversight when the data were being readied for 
r&9''^ss5on analysis could give a hunipsd earnSrigs profile even If 
the net training rate always exceeded the combined effects of 
deteriofat ion. This could happen because the birth-date effect 
b^ + b^ + for older Ph.D.'s would be much lower than for younger 

ones, and it might outweigh the positive income growth rate for 
people above a certain age. Thus aging would appear to slow salary 
growth, when it is actual ly age that lowers a Ph.D.^s relative salary 
level in a cross-section of Ph.D.'s. 
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2. The National Register Ssmple 

Before reporting the estimated coefficients of the :,tructural 
model, a brief description of the data used in this stud/ would seem 
appropriate since sample size and the amount of info* ration ircluded 
for each person are both far greater than is typical Thesi data 
are from the National Register of Scientific and fechrical personnel 
which Is compiled biennially by the National Science 'i^ounda. <on The 
sample contains biographical information, data on educationa training, 
plus quite detailed career data for the years i960, 1962, 1964 i- nd 
1966, on 30,168 individuals who received a Ph.D. some scientific 
discipline prior to I96O. Because the NSF did not collect much 
data on Ph.D.^s In the humanities and social sciences, other than 
psychology, until quite recently, there were only 6 persons in the 
sen^ple with a Ph.D. In these fields, all in economics. Ph.D.*s 
in psychology accounted for \k% of the sample; the ether 86^ were 
in agricultural science {2%), astronorr.y fl^), biological science (17%), 
biomedical science {}%) , chemistry (23^), earth science (6%), 
engineering (3%), mathematics (5%), physics (13%), statistics (U), 
interdisciplinary (10% in biochemistry, geochemistry, physical 
chemistry, biophysics and social psychology), with k% being unclassi- 
fiable because of blank, miscoded or inconsistent data. 

These data were first screened to eliminate all individuals whose 
records contained incomplete or inaccurate information on any of 
the variables used in this study. Any Ph.D. not employed full time 
during the 1960-1966 interval was also excluded. The usable sample 
was thus reduced to 18,408 Ph.D. 's in twelve scientific specialties 
(all the economics Ph.D.'s were elimliiated by these adjustments). 

This sample was then split into two parts one containing 
1841 records (10%), and the other containing the remaining 16,567 
by selecting each tenth record for the smaller subsample. Each of 
these subsamples is independent of the other and is a random sample 
of the population of full-time employed Ph.D.'s In the sciences, at 
least to the same extent that the National Register is, since I have 
no reason to believe that the blank data exclusions are systematically 
related to any of the variables used in the analysis here. 

The purpose for subsampling was so that the one-in-ten sample 
could be used to correct computer programming errors that would have 
been costly if they occurred while manipulations were being performed 
on the sample of 18,408 Ph.D.*s. More importantly, I wan':ed to use 
the small sample to examine the variability of the data in the 
National Register; to decide what variables should be used as dummy 
variable referent groups; and to form some opinions about relation- 
ships between mobility, salary, career status^and educational back- 
ground which are not completely specified in the simple theory of 
occupational mobility outlined in the first section. For example, 
this analysis convinced me that sex and citizenship were important 
In explaining salary levels, but not the salary changes associated 
with occupational mobility. 

More simply said, any subtle or not so subtle modifications in 
statistical tests or structural equations which I might have been 
tempted to do to make the empirical results agree more closely 
with my theory of occupational mobility, were done on the small 
subsample. This gave me a detailed set of structural relationships 
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which were then tested on the large subsampla, in the sense that this 
paper reports the results of all regressions calculated on that sample 
in whiich the dependent variable was any one of the endogenous 
variables of the structural system set out above. 

3. An Estimate cf the Lifetime Reduced Form for Mobility 

As a first test of the effe.ct of specialization on career 
mobility, the reduced form for the number of occupations in which a 
Ph.D. worked during her career w'as esti.-nated. Inasmuch as the career 
profile variables (Z') would have only weak effects on a Ph.D.'s 
career mobility they would affect mobility only through their 
effect on the Ph.D.'s salary level in her home specialty just prior to 
her first change In occupation, these variables were excluded from 
the lifetime reduced form for mobility. 

Career mobility M was measured as the number of different 
occupations In which the Ph.D. reported herself employed during her 
career through 1966, assuming that she began her career employed in 
the scientific specialty In which she obtained her Ph.D. Occupation 
was Identified with the scientific field v/hich the Ph.D. reported 
to be inost closely related to her current job in 1964 and 1966, 
and with the scientist's self-reported professional identification 
In I960 and 1962J3 

The results of regressing M on the educational background and 
ascriptive variables are given in Table 1. The first thing to note 
about these estimated coefficients is that specialization has the 
effect of reducing career mobility by 10^, as was predicted by the 
theory outlined In Section 1. However, whether this is a demand 
side effect, or just the expression of a preference for their home 
field by Ph.D.*s who studied the same science in undergraduate and 
graduate school, cannot be determined from the estimated coefficients 
in the reduced form. 

The undergraduate and graduate specialty field effects are listed 
in order of their magnitude for Ph.D. major. Most of the undergraduate 
majors had little effect or. career mobility, except that majoring 
In agricultural science, earth science or linguistics was associated 
with career mobility that was about 15^ less than average. This could 
reflect a nurrber of factors ~ the lov; productivity of the knowledge 
in a field such as linguistics for people who become scientists in 
the fields included in the National Register sample, the additional 
specialization effect on career mobility in a field such as earth 
science in v^hich the simple coefficient of correlation between 
choosing to major in it as an undergraduate and choosing it as a 
graduate field is 0.82,^^ or the additional specialization effect of 



The National Science Foundation (see their American Science Manpower 
[21]) uses the practice of identifying a scientist's field with 
her report of area of greatest scientific competence on the basis 
of her total educational and work experience. In his work, Weiss [22] 
chose to identify occupation with area of greatest scientific com- 
petence, rather than with specialty most used in current job. 

The simple coefficient of correlation between majors in biological 
science, physics and psychology was also about 0.80; it was about 
0.64 for chemistry and mathematics; 0.55 for astronomy and engineering; 
0.35 for agricultural and biological sciences; and 0.15 for statistics 
and the interdisciplinary specialties, 

10 



Table 1 



REGRESSION COEFFICIENTS (AND STANDARD ERRORS) FOR THE LIFETIME MOBILITY 

REDUCED FORM 



Major Field 



Agricultural Science 

Interdlsclpl inary 

Biomedical Science 

Engineering 

Cheml stry 

Statistics 

Earth Science 

Biological Science 

Astronomy 

Mathematics 

Physics 

Psychol ogy 

Economi cs 

Linguistics 

Sociology 



Constant = 1 .65 

Regression Standard Error = 0.62 
N = 16,567 

M = 1 .61 A 



Ph.D. 

1.19 
(0.03) 

0.65 
(0.03) 

0.62 
(0.05) 

io.ok) 

0.10 
(0.03) 

0.07 
(0.07) 

0,03 
(0.0i») 

0=^ 



•0.12 
(0.09) 

-0.15 

io.ok) 

•0.20 
(0.03) 

-0.31 

io.ok) 



-0.23 

(O.OA) 

0.03 
(0.06) 

0.01 

(0.05) 

0.02 

(0.03) 

0.0k 

(0.03) 
0.13 

(0.22) 

•0.23 
(0.05) 

■OAh 
(0.04) 

•0.10 
(0.10) 

•0.01 
(0.03) 



0.07 

(0.0i») 
-0.01 

(0.05) 

■0.22 
(0.06) 

-0.02 

tn nQ\ 



Grad 



UG 



Top 15 Grad. 


0.02 


0.002 


(0.05) 


(0.03) 


Next 91 Grad 


-0.01 


0.03 




(0.0i») 


(0.02) 


Liberal Arts 




-0.02 






(0.0i») 


All Others 


0 


0 


Spec la 1 


izatlon Effect 


-0 


.16 (0.06) 




Specialization - School 


Type 


Interaction 






Grad 


UG 


Top 15 Grad, 


0.01 


0.02 


(0.06) 


(0.03) 


Next 91 Grad 


. -o.ok 


-0.05 




(0.06) 


(0.02) 


Liberal Arts 




0.02 






(0.05) 


All Others 


0 


0 


Ascriptive Variables 


SEX 


-0.002 


(0.03) 


NONCIT 


012 


(0.05) 



0.75 



Referent nroups have coefficients constrained to 
be zero, so that effects of other groups within 
each characteristics variable are measured 
relative to the referent group. 



choosing a specialty that Is in low demand such as agricultural science 
was during the early sixties. 

The Ph.D. field effects are quite large in many cases. Thus 
Ph.D.'s in agricultural science changed occupations about 75% more 
than average^ As Brown [?] and Freeman [10] report, agricultural 
scientists were in quite low demand during the early sixties, so it 
Is not surprising to find that Ph.D.'s in that field moved into other 
occupations at a much greater rate than D.'s in any other field. 

Ph.D.'o In the Interdisciplinary fi.»us ranked second in career 
mobility, as v ')uld be expected for these fields which have high 
knowledge tran . "erabi 1 i ty to other specialties for example, 
biochemists can readily become chemists or biologists inasmuch as 
they are a little of both to begin with. Because only about k% 
of the Ph.D.'s in the Interdisciplinary fields also had an undergraduate 
major in one of those areas, and because demand for the Interdisciplinary 
specialties varied from low to high, the extra ^0^ career mobility for 
these Ph.D.'s Is almost totally due to the relatively h'gh knowledge 
transferability in these disciplines, 

Similarly, engineering and the biomedical sciences must rank high 
In knowledge transferability, because both were in high demand. This 
demand effect would tend to lower career mobility for Ph.D.'s in 
these two fields, so that it would be more difficult for an employer 
to hire them in some other occupation. Despite the lower salary 
Increases that employers could offer them, the amount of re-training 
needed in the occupations to which these scientists moved must have 
been low enough that re-training tuition deductions v/ere relatively 
low so that the salary increases offered for changing occupations 
were raised sTiore by this effect, than they were reduced by the demand 
effect. Scientists Jfi engineering and the biomedical sciences thus 
ranked among the top four in career mobility. 

In mathematics, physics and psychology the demand effect dominated 
any knowledge transferability effect, as all three fields were in 
moderate to high demand during the sixties. Statistics was also in 
high demand, so its mobility ranking would indicate that field has 
greater knowledge transferability than other high demand fields, as 
v/ould be expected. 

To determine if the type and quality of school attended had 
any effect on career mobility and salary levels, the graduate and 
undergraduate institutions were grouped into four categories. Graduate 
schools were categorized by taking the 106 institutions selected by 
Cartter [9l for his \SGk survey of quality of graduate instruction 
In twenty-nine disciplines in all schools which awarded at least ten 
Ph.D. degrees per year. Tl^ese 106 schools were divided into two 
groups. The top fifteen contained the thirteen universities which 
Cartter rated as leading hi one ov five general areas of study — 
biolog ical sc iences , eng Ineering , human i t i es , phys ica \ sc iences and 
social sclences;^5 plus two additional schools — Cornell which was 
rated as one of the top ten graduate schools in a 1925 "urvey by 
Hughes [12] and as one of the top ten in a 1957 rating by Keniston [I3j, 
and Johns Hopkins which was one of the top ten in Hughes' ranking. 



See Cartter l9l , page 107. 
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Thesv^ fifteen schools thus include all the top-rated institutions 
of graduate study during the period in which Ph.D»*s In the National 
Register sample were attending graduate school. The remaining 91 
schools covered In the Cartter report were classified as second- 
level Institutions of graduate s^udy. 

Undergraduate schools were classified into four categories. The 
first two Included the same schools as the two groupings of the 
Cartter report schools. To determine If undergraduate instruction 
at a small, liberal-arts type school was different than instruction at 
the large universities which devote much of their resources to 
graduate study, thirty-one of the high quality liberal arts schools 
were classified Into a third control group for undergraduate study 
An Institution was selected for this category if it was mainly an 
undergraduate school offering a Hberal arts type of training; and if 
the school was given a prestige rating of A or B on a scale of A 
through F by Brown [7] In his study of the labor market for academic 
personnel, 0£ the school was rated as being highly productive of 
scientists in studies by Knapp and Goodrich and Knapp and 

Greenbaum [15] of the social and collegiate origins of American 
scientists. 

As indicated by the estimated coefficients listed in Table 1, the 
type of Institution attended had ilttle effect on career mobility. ^7 
Similarly, women tended to be just as mobile as men. But non-citizens 
were sc^ewhat nK>re mobile than U.S. citizens. 

One problem with the regression estimates listed in Table 1 is 
that occupational switching Is only measured between the Ph.D. degree 
and i960 occupation, and then at two-year Intervals after I96O until 
1966. The number of occupations In which a Ph.D. could work is thus 
from one to five. On the other hand, estimated coefficients for the 
educational background and ascrlptive variables are supposed to measure 
the effect these characteristics have on career mobility. That is. 
Ideally I want to relate career mobility M' to these character ! st ics, 
but I only had a measure of mobility M during a portion or each Ph.D.'s 
career. Since M* = H + e, the error term in structural equation (3) 

Is actually U^ - e. If the unobserved portion (e) of career mobility 
Is highly correlated with any of the educational background or 
ascrlptive variables, then the estimates reported In Table 1 would be 
biased. 



'^See Horris [16], page 28, for a listing of these schools. 

'^The specialization-school type interaction effects can be read as 
non-special ization-schooi type interactions by simply changing signs 
on the regression coefrlcients listed in Table K This follows 
from the fact that if D is s dummy variable in the regression M = 
+ ttj D + Uj, and 1-D is the corresponding dummy for the opposite 

characteristic in the regression M = + B.(I-D) + U,, then 

Oq = 3q + 3j and Oj = -gj , where i^, , 3q, and are ordinary 

least squares estimators. 
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Now the size of the unobserved part of career mobility depends 
In part on the portion of a Ph.D.'s career over which mobility M is 
measured. For example, occupational switching would tend to occur 
rather early !n a career so that the returns from learning a new 
occupation could be fully captured. One way to check whether 
unobserved mobility is correlated with any of the i ndep*=*r.dent variables 
In the reduced form Is, thus, to add the career profile variables 
for i960 to the regression of M on educational background and 
ascriptive characteristics. When this was done, the estimates 
reported in Table 1 changed very little. In fact, only three out of the 
38 varied by as much as 25% of one standard error, and the largest 
change w^s only 66%. One of these three the effect of attending 
cne of the second-level graduate schools was also the only 
estimate to change signs. Inasmuch as Its estimated effect was quite 
close to zero to begin with. 

So adding career profile variables to the lifetime reduced form 
did not change any of the estimated coefficients by a statistically 
significant amount. However, the standard error of the regression 
was reduced to 0.61, which is a numerically small but statistically 
significant reduction. ^8 One can conclude that unobserved career 
mobility is not significantly correlated with educational background 
or ascriptive variables, but career profile variables are important 
in explaining the difference between r.obility over a Ph.D.'s career 
and mobility over a portion of her career. 

One final note before fuming to estimation of the structural 
equations is that these Ph.D.'s who stayed in the same geographic 
area during 1 960-1 966, or worked for the same employer type throughout 
that period, changed occupations less often than average by 2% and 
S%f respectively. As one would expect, there is positive correlation 
between employer, geographic, and occupational mobility. 

k. Some of the Determinants of I96O Salary Level 

The structural equation for salary just prior to a possible change 
In occupation was estimated by regressing the natural logarithm of 
i960 salary on the variables listed on the right-hand side of equation 
(1). The sample for this regression was restricted to those Ph.D.'s 
who were still working In their Ph.D. field as of 1960.'9 This 
constraint reduced th»3 sample size about 7%, from 16,567 to 15,353. 



All testsare at the 0.01 confidence level unless otherwise stated. 
For this test the F statistic had a value of 5.97 with ^0 and 16,^88 
degrees of freedom. 

Ph.D. could have switched out of her home specialty prior to I960 
and then back in by '196O. For the entire sample of 30J68 Ph.D 's, 
G]% were employed in their Ph.D. field as of 1966; at most "".2% 
of these people had switched out after receiving their Pli.D. and 
then back In by 1966. So as of 1966 at most 13^ of t^e Ph.D.'s had 
switched out and back. The proportion who would have done the same 
by i960 is probably much lower, given that 23% receiv«.d their Ph.D. 
between 1956 and I960, and 61^ received their degree :;t:er 1950. 
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Table 2 reports the estimated effects of the various I960 salary 
determinants. These effects were calculated from the; log salary 
regression by comparing the salary of the average Ph.D. in a 
particular category of the characteristic in question for example, 
the salary for the average Ph.D. in physics with the salary of the 
average Ph.D. in the referent group for that characteristic in 
the case of Ph.D. field this is the salary of the average Ph.D. in 
biological science. Thus for the Ph.D. of average age, sex, professional 
experience, undergraduate major, etc., having a Ph.D. in physics was 
worth $1589 more in I96O than having a degree in biological science. 
The standard error of this estimate was $150, which was calculated to 
be in the same numerical ratio to $1589 as the log salary regression 
coefficient was to its standard error. 20 

The Ph.D. field effects are ranked by size. Inasmuch as these 
Ph.D.'s are employed in the occupation which corresponds to their 
Ph.D. specialty, this ranking gives an index of relative demand in 
i960. Not surprisingly the ranking agrees almost exactly with the 
rankings !3rown [7] and Freeman [10] developed for relative demand in 
their empirical work based on salary data for tha early sixties. In 
those two studies, statistics, physics, engineering, biomedical science, 
and mathematics were classified as high demand fields. Chemistry, 



That is, the t-statistics for the estimates reported in Table 2 are 
the same as for the actual log salary regression coefficients. An 
Interesting aside at this point is that an examination of Table 2 
reveals two obvious examples of why the t-test is often an inappro- 
priate way to determine whether a variable ''belongs^* in a regression 
equation . 

First, for the career timing variables, standard errors are 
monotonic increasing with respect to each of the three characteris- 
tics. This simply reflects the fact that the distribution of the 
effect of one of these variables on income has greater absolute 
variation about its average effect for larger values of the variable 
in question, due to the cumulative influence of such non-controllable 
factors as luck throughout a Ph.D.'s career. A simple-minded t-test 
on, say, the effect of being in the 55-59 age category would reject 
the hypothesis that this variable belongs in the regression. What 
is actually the case is that this age variable has an effect on 
Income that varies widely about a relatively small average (or mean 
ef ^ect) . 

Second, for the undergraduate fJeld variables, standard errors 
vary between $131 and $33^, except for the standard errors for the 
estimated effect of having an undergraduate degree in statistics 
or astronomy. These tv;o fields just happen to be the same two 
which only / and 26 people, respectively, chose as a major, as compared 
to the minimum of 6? who chose other undergraduate fields. So in 
this case the large standard errors reflect the fact that estimates 
of the mean based on small samples are imprecise, and do not imply 
that these two variatbles should be excluded from the regression 
equa : ion . 
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TABLE 2 

COMPUTED EFFECTS (AND STANDARD ERRORS) OF 1 96O SALARY DETERMINANTS 



Statistics 

Physics 

Engineering 

Biomedical Science 

Mathematics 

Psychology 

Astronomy 

Agrlcul tural Science 

Interd i scipl inary 

Earth Science 

Chemistry 

Biolog ical Science 

Economics 

Llnqu5stic5 

Sociology 

Ascriptive Variables 

SEX $ -17^1 (in) 

NONCIT 255 (2!6) 



Major 


Field 


Ph.D. 


UG 


$2639 


$232 


(323) 


(1017) 


1589 


0 


(150' 




1197 


91 


(1 78) 


(H9) 


1067 


-188 


(222) 


(222) 


711 


-311 


(160) 


(133) 


68k 


-365 


(IA8) 


(178) 


A76 


30k 


(3'45) 


(605) 


329 


-363 


(loA) 


(187) 


325 


-95 


(110) 


(?A7) 


151 


-179 


(1A7) 


(199) 


139 


-239 


(97) 


(131) 


0 


-kC2 




(152) 




^35 




(28A) 




-215 




(26A) 



School Type 
Grad UG 



Top 15 Grad. $21*9 
(226) 

Next 91 Grad. -101 

(1A7) 

Liberal Arts 

All Others 0 



$191 
(98) 

A9 
(82) 

7A 

(ira) 

0 



Specialization Effect 
$5A (A51) 

Specialization - School 
Type Interaction 



Grad 



UG 



Top 15 Grad. 
Next 91 Grad, 
Liberal Arts 
All Others 



$-195 $-61 
(272) (1 MO 
-158 9^ 
(259) (lOA) 

■131 
(2^'.2) 
0 0 



Employer Type. (I96 0) 
Academic $ -1779 (133) 



Bus i ness 
Gov. 



0 

-25^9 



(58) 

Time from B.S. to Ph.D. 



0-k 
5-S 
10 + 



-5^/ 
(33A) 

Academic Rank (I960) 

Dean $276A (kSk) 

Ten. Prof. 6^9 (133) 

Non-Ten. Prof .155 (137) 
All Others 0 



$553 
222 
0 



(81) 
(62) 
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Table 2 
(Continued) 



bas. 



Career Timing (I960) 



1-29 


0 




30-3^ 


$ 762 


(89) 


35-39 


1 138 


(106) 


ko-kk 


1096 


(126) 




836 


(151) 




37'* 


(178) 


55-59 


-1^43 


(219) 


60-6^4 


-65'» 


(292) 


65 + 


-20^47 


(^496) 



Geograp^ 



Ph.D. Degree 



Years 
Ph.D. 



Since 
Degree 



Professional 



0-^4 


0 




0 




5-9 


$ 938 


(63) 


$ 550 


(71) 


lO-U 


1735 


(92) 


1^403 


(95) 


15-19 


23^49 


(13^4) 


2086 


(121) 


20-2^4 


2565 


(161) 


2796 


(1^46) 


25-29 


31^0 


(208) 


2963 


(182) 


30-3^4 


^4139 


(283) 


3^480 


(219) 


35+ 


^4681 


(515) 


36^45 


(309) 


i Area 


(I960) 









Northeast 


$509 


(132) 


Middle Atlantic 


507 


(109) 


South Atlantic 


170 


(115) 


East North Central 


^43^ 


(111) 


East South Central 


276 


(129) 


West North Central 


505 


(128) 


West South Central 


356 


(126) 


Mountain 


^456 


(132) 


Pacific 


9^41 


(122) 


Outside ^48 ContiguousStates 




0 


Constant = $8350 






Regression Standard Error = 


$2993 





= 15,353 
= $11 ,9^0 



Oc= $^4168 
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psycholooy, and astronomy were moderate demand fields. While 
agricultural science, earth science and biological science were listed 
as being In relatively low demand. 

In comparison to Ph.D. field, the undergraduate major choice has 
relatively little influence on I960 salary, ranging from a low of 
-$577 for a degree in sociology to a high of $^35 for an undergraduate 
major In economics. Interestingly enough, economics, astronomy, 
statistics, engineering and physics are the fields that provide 
knowledge that is useful on average no matter what scientific area one*s 
Ph.D. is In. This is some empirical support for the advice often given 
to undergraduates who intend to pursue graduate studies. That advice 
being to study a discipline that will develop skills in abstract 
reasoning and quantitative methodology. 

The school type effects are small, and at least for the effect 
of the undergraduate institutions, about as expected. Undergraduate 
and graduate instruction at one of the top 15 schools of graduate study 
both rank first in terms of payoff in I960 salary. However, undergraduate 
study at one of the small, liberal arts colleges is better than attending 
one of the second level graduate schools. 

The return to specialization Is small, but positive, as one would 
expect for extra course work at the undergraduate level in the field 
In which a Ph,D. is employed in I960. The interaction between 
specialization and choice of school, however, in the case of training 
at a liberal arts college, entirely offsets the positive returns from 
specializing and doing undergraduate work at one of these small schools. 
Similarly, specialists who attended one of the top 15 graduate 
institutions at either the undergraduate or graduate level incur a cost 
that offsets the return to specializing. The optimal choice for 
specialists turns out to have been going to undergraduate school at one 
of the second level graduate institutions, and then taking a Ph.D. from 
a school not even included in Cartter's survey. 

Interpreting these estimates for the specialization-school type 
interaction Is quite problem^gtic. The general conclusion is that for 
specialists, the more prestigious the school the greater the future 
salary costs of studying there. Now there has been some work that 
suggests qua^|ty of an institution is not positively related to student 
achievement. But no one has suggested that there is an inverse 
relationship. One possible explanation is that since size and prestige 
tend to be positively correlated among the institutions that offer both 
undergraduate and graduate decrees, the inverse relationship may reflect 
the fact that specialists g rt a quantity of instructional resources 
devoted to th e ir training at the smaller schools, that more than offsets 
any lower quality of those resources . Inasmuch as the liberal arts 
colleges are not likely to be in general oriented toward the kind of 
instruction needed by people v;ho devote therr.Gelves to the rather 
exclusive study of one scientific specialty, specialists who went to 
one of these colleges for a B.S. suffered similar quantity disadvantage 
relative to someone who attended one of the smaller universities 
or i ented tcv.ard graduate i nstruct ion . 
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See, for example, Astin [2] 
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Employer type and academic rank have salary effects that correspond 
to casual observation. What \s more interesting is that women are on 
average paid $1,750 less than men with the same educational baclcgrounds 
and career profiles. 

The career timing effects are about what would be predicted by the 
model of embodied Icnowledge and deterioration ^jiven in Section 1. The 
longer one talces to get a Ph.D. after having a B,:., the lower one's 
salary is. The net rate of on-the-job training is positive for all 
ages; that is, the estimated effect of professional experience is 
monotonic increasing with respect to age. However, the estimated effect 
of number of years since the Ph.D. was awarded is also monotonic 
Increasing, instead of decreasing as the model of Section 1 predicted. 
Apparently, the h^^n correlation between professional experience and 
years since the Ph.D. degree prevented identification of the separate 
effects OP salary of job training and the deterioration of knowledge 
embodied !^ undergraduate and graduate study. ^3 

The age-income profile estimated for Ph.D.'s Is single-peaked, 
with income rising with age until the Ph.D. reaches AO and falling 
after that point. At about age 55, the typical Ph.D.'s income falls 
below the salary she made when she first was employed as a scientist. 
However, as indicated in footnote 12 above, this humped profile with 
a negative tail may be the result of mi sspec i f i cat i on , instead of the 
result of aging. 

Finally, Table 2 gives the estimated salary differentials by 
geographic area. Employers in the contiguous U.S. pay higher salaries 
than those outside, no matter what part of the country the Ph.D. ,/orks 
in. The Pacific region pays the highest salaries, while the South 
Atlantic pays the lowest, for employers inside the contiguous states. 

As Table 2 shows the estimated specialization effect is quite 
small. One possible explanation is that specialists who moved out of 
their specialty occupation after I960 might have spent time on the job 
prior to I960 learning about some other occupation. The $5^ would 
then be low because specialists who were planning to change occupations 
would be paying a tuition for this training that would be deducted 
from their I960 salaries. 

To test for such an effect, a dummy variable was added to the log 
salary regression that took the value one for specialists who remained 
in their Ph.D. occupation through 1966. Adding this variable did not 
change the estimated coefficients for any of the previously included 
variables by as much as one standard error, but it did increase the 
estimated specialization effect to $19^. On the other hand, the dummy 
variable had an estimated coefficient that showed immobile specialists 



It is quite unlikely that t ifferential is due to any ability 

difference between men end v !n a sample of highly educated people, 

Ashenfelter and Mooney [1] c^. luded, ''The misspecif ications, caused by 
the absence of an ability variable, seem to be quite small indeed." 
(Page 86) That Is, the estimated coefficients for control variables in 
their study were about the same, whether they included an ability 
control variable or not. 

^^The five-year interval dummy variables have estimated simple correla- 
tion coefficients th;.t range from 0.35 to 0.50. The continuous variables 
would be much more highly correlated. 
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were paid $308 (standard error = $52) less in I960 than the specialists 
who changed occupations after I960, This is just the opposite of what 
would be expected if the mobile specialists were paying tuition for 
occupational training prior to I960 that was specific to an occupation 
In which they were not employed. If the mobile specialists were in 
essence pushed out of their Ph.D. occupation because they were not 
competitive with those who remained employed in the given occupation 
after I960, the estimated effect would also have been opposite of the 
result that occurred. 

To determine if those Ph.D.'s who changed occupations after I960 
were being paid differentially for characteristics other than 
specialization, the log salary form of (1) was reestimated on two 
subsamples — one containing the 8,802 Ph.D.'s who remained in their 
Ph.D. specialty through I966, and the other containing the 6,551 
Ph.D.'s who left home after I960, Table 3 contains some of the results 
of those two regressions. 

The first thing to note Is that the mobile Ph.D.'s were earning 
an average salary in 196O of $12,320, versus $11,660 for the immobile 
Ph.D.'s. But after adjusting for educational background, career 
profile, and ascriptive variables, both groups were being paid the 
same — on average about $8,500 for uncontrolled characteristics such as 
luck and ability. The main reason for the higher average salary of 
the mobile Ph.D,*s Is that this group is slightly older, more experienced, 
and has a greater portion of its jobs with business-type employers, 
thandDesthe group of Ph.D.'s who were encouraaed, or chose, to remain 
in their home specialty through 1966. 

So uncontrolled effects, such as ability, are distributed equally 
In the two subsamples, or are distributed so that the different effects 
of these unobserved characteristics offset their differential importance. 
Since the latter event is quite unlikely one can conclude that the 
mobile Ph.D.'s are not being forced out of thefr Ph.D. occupation 
because they are less able than the Immobile Ph.D.'s in each field. 

Second, the formal hypothesis that the regression coefficients are 
identical could be rejected at the S% confidence level, but not at the 
]% level, 24 However, some of the individual coefficient estimates 
differ for at least one of the two subsamples by at least two standard 
errors from their estimates over the whole sample. ^5 All the 



The F-statistic is K30 with 77 and 15,199 degrees of freedom. 

25 

This is a case in which individual coefficients in two regressions are 
significantly different, but the regressions as a whole are not. In 
Section 3 there was an example of the case in which adding variables to 
a regression reduces its standard error significantly, without altering 
the estimated coefficients for any of the already included variables. 
However, two subsample regressions could not explain significantly more 
variance than the whole sample regression, unless as least one coeffi- 
cient was significantly different for the two subsamples. 
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Table 3 



COMPUTED i960 SALARY EFFECTS (AND STANDARD ERRORS) FOk 
IMMOBILE AND MOBILE SPECIALISTS 

Major Field 



Statistics 

Physics 

Englneeri ng 

Biomedical Science 

Mathematics 

Psychology 

Astronomy 

Agrlcul tural Science 

Interdlsctpl fnary 

Earth Science 

Chemistry 

Bi ologi cdl Sc ience 

Economics 

Linguistics 

Soc iology 



Ph. 

Im 


,D. 

Mob 


Im 


UG 

Mob 


$2292 


$2835 


$-192 


$772 


v'»9o; 


{HO 1 ; 


V 1 CKJKJ) 


M A7'j \ 
V 1 0 / -1 .) 


li»87 


1993 


0 


0 










393 


1681 


389 


-'»62 










30 


1162 


222 






l^/ 1 ) 






676 


905 


-1'43 


-802 








eft ^ 


765 


951 


-3^*7 


-932 


[200) 


\20H) 






986 


-39 


-292 


1575 








V 1 i2H} 


955 


250 


-167 


-7^2 


(735) 


V2i9) 


U72) 




131 


260 


-263 


-326 


(606) 


(169) 


('»25) 


(37'*) 


296 


32 


-205 


-'»79 


(260) 


(28i) 


(2i»8) 


(371) 




339 


-22 


-700 


(U2) 


(170) 


(157) 


(221) 


0 


0 


-279 


-863 






(201) 


(257) 






391 


706 






(325) 


(^vo) 






75 


-1D98 






(322) 


(631) 






-625 


-56i. 






(395) 


(637) 
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Table 3 (Continued) 



School Type 
Grad UG_ 
Im Mob Im Mob 



S chool Type - Specialization 
interaction 

Hi 

Mob 



Grad 



Im 



MoL 



Im 



Top 15 Grad. 
Next 91 Grad, 
Liberal Arts 



$ 67 $332 $373 $132 $-202 $ 66 $-203 $100 

(320) (29^) (192) (172) {koD (395) (212) (209) 

-286 -2 1 65 -10 -123 168 71 

(188) (78) (138) (127) (389) (377) (153) (150) 



-383 368 
(319) (263) 



307 
(333) 



-330 
(327) 



All Others 0 


0 0 


0 0 


0 


0 0 


Special ization 


Effect 




Employer 


,TyR,e 


Im $80 ('»26) 
Mob -211 (397) 


Academic 


$-2210 
(175) 


Mob 

$-1311 
(203) 


Academic Rank 




Business 


0 


0 


i£ 

Dean $3'»30 
(682) 


Hob 

$19'»5 
(718) 


Government 


-2686 
(80) 


-2423 
(88) 


Ten. Prof. 98'* 
(173) 


291 
(206) 








Non-Ten. Pr f. 312 
(167) 


-67 
(206) 








All Others 0 


0 


Mob 






Constant $8519 
Regression Std. Error 2873 

s 11,660 


$8i»33 
3133 
12,320 






^S 
N 


3996 
8802 


4361 
6551 







ERIC 
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characteristics within which such differences occurred are reported 
in Table 3.^^ 

The data in Table 3 show that there is a smal 1 payoff of $80 to 
specialization anx)ng the Fmrrobile Ph.D.'s , but that extra educational 
training at the undergraduate level was associated with a cost of 
$211 among the mobile Ph.D.'s. This could be the result of mobile 
specialists paying tuition for job training that they are doing to 
Secome competitive with non-specialists when bot!i groups begin looking 
for- jobs In other occupations. If that is true, then tuition costs 
are about $300 , because the $211 would be the sum of the. $ao return 
to educational specialization while still employed in the specialty 
field and a $291 cost for extra on-the-job training that is probably 
specific to some other occupation. 

While on the topic of on-the-job training, I should mention that 
the mobile Ph.D.'s as a group have payoffs for each five-year increment 
in years since the Ph.D. degree that are from $150 to $700 higher than 
the corresponding effects for the immobile Ph.D.'s. Simi larly, professional 
experience pays of f in an amount from $50 to $6^2 greater, except in the 5-9 
years category where Immobile Pi,.0.'s are paid $5oO more than the O--^ 
years reference group, while mobile Ph.D.^s are paid $568 for the addi- 
tional 5 years experience. These results suggest that mobile Ph.D.'s do 
more on-the-job training during their careers. Since the smaller extra 
payments for experience to mobile Ph.D.^s occur during the early years of 
their careers, the mobile Ph.D.'s are probably paying the costs of some of 
this training, but are cl ear 1 y not Incurring full tuition costs. Perhaps 
employers pick up some of the costs of occupational ly general training in 
the expectation that doing so will enable them to induce the mobile Ph.D. 
to change occupations without changing employers. 

Some of the estimates in Table 2 that differ by subsample, other 
than the specialization effect, are also worth mentioning. First, 
for both Immobile and mobile Ph.D.'s, statistics and physics were still 
the two top paying fields. However, engineers ranked seventh among 
Immobile Ph.D.'s, but were third in pay for the mobile subsample. This 
could reflect the fact that 71% of the engineers in the whole sample 
changed occupations after I960, so that the statement that engineers are 
In high demand i^ as much a statement about the ease with which engineers 
can find jobs in other high-paying scientific specialties, as it 
is a statement about the demand for people to work as engineers. 
Consequently, it is the more able engineering Ph.D.'s who at some point 
In their career find that the extra pay they get as an engineer is not 
as great as the amount they could get by switching into some other 



Only two variables that are not reported in Table 3 had estimated 
effects in the two subsamples that differed from each other (as opposed 
to one of them differing from the estimated effect in the whole sample) 
by more than two standard errors. These were the Mountain geographic 
area and the 20-24 years since Ph.D. dummy variables. 

^^For example, academic ast*"ology being what it is, a star Ph.D. in 
economics is the same to a college dean or university president, whether 
she has an office In toe economics department or the statistics depart- 
ment. 
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occupation. The same analysis could hold for Ph.D.'s in the b^g- 
medical sciences, 9^% of whom switched occupations after I960. 

On the other hand, imnx:)bile Ph.D.'s in astronomy and agricultural 
science are much higher on the relative pay scale than their mobile 
counterparts* These fields were in moderate to low demand during the 
early sixties, so that only the most able would find it profitable to 
remain in the c-cupation during a period of low demand, especially in 
two fields which would seem to have a knowledge core that is less 
transferable than the skills learned in engineering or medicine. That 
IS, for fields in low demand with low skill transferability, the less 
able Ph.D.'s are pushed into other occupations. For high demand, 
high knowledge transferability fields, the more able Ph.D.'s are bid 
Into other occupations by promises of higher pay^ 

In terms of the returns to undergraduate major, astronomy, economics, 
physics and statistics are top-ranked for the mobile Ph.D.'s, but only 
economics and physics hold their top rank among immobile Ph.D.'s. The 
school type effects for immobile Ph.D.'s rank as they did for the whole 
sample, except that a liberal arts undergraduate training has a cost to 
the non-special Ist instead of a return. In gv^^neral, these data continue 
to suggest that specialists who intend to stay in their specialty should 
be more concerned with the quantity than quality of instructional 
resources devoted to their training. 

The school type effects for the mobile non-specialists are ranked 
similarly to those for the immobile Ph.D.'s who studied different fields 
in undergraduate and graduate school. Except that a liberal arts training 
pays off for these mobile Ph.D.'s by giving them rrore general^ and less 
specific, training in their undergraduate major. Mobile specialists, 
on the other hand, are the exception to the rvle that quantity is more 
important than quality for specialists. High quality educational 
training in one discipline apparently offers more occupat ional 1 y 
general knowledge than does a larger quantity of lower quality 
instruction . Perhaps this is just another way of saying that genius 
teaches about general principles, while hard and extensive work teaches 
the detail. 29 

5. Estimation of Mobility Supply and Demand 

Of the 11,100 specialists (72% of 15,353) who were employed in their 
Ph.D. field in I960, Sk% remained in the same occupation through 1966. 
On the other hand, of the A, 253 non-specialists (28% of 15,353), only 
33% remained in their home occupation through 1966. Of the 1,551 Ph.D.'s 
in the interdisciplinary specialties, only 25 (1.6%) remained in one of 
these specialties through 1966. Furthermore, the specialists and 



It is well to remember, that some of the effects reported in Table 3 
are quite poorly estimated. In fact, all variables which have standard 
errors over $500 are Imprecisely estimated because Ph.D.'s with a 
particular one of those characteri Sc !c5; make up less than 0.5% of the 
subsample. 

^^There are people who design and create theories; and people who put on 
the finishing touches, make repairs and keep the theories in order. The 
skills of the former are more occupational ly general. 
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non-spec lal I sts who changed occupations were paid an average satary 
Increase of $1,828 to do so, while those Ph^D.'s who remained at home 
had only an average salary increase of $1,785 in the three two-year 
intervals from I960 through 1966. 

These averages are consistent with the hypothesis that the more 
occupational ly specific a Ph.D.'s educational training is, the lower 
her career mobility. They are also consistent with the hypothesis 
that mobility supply is an increasing function of the average salary 
increase paid for an occupation change. However, to sort out demand 
and supply effects, the structural parameters in equations (2) and (3) 
must be estimated. 

There is one critical difficulty with the salary data in the 
National Register sample in terms of using it to measure the salary 
change associated with an occupation change. That is that the four 
observations on basic salary level are separated in time by two years, 
yet when a Ph.D. changed occupations there was an Instantaneous 
salary increase paid to induce the Ph.D. to leave her current field. 
It is the career average of this instantaneous salary effect that is 
given by AS^ in the structural supply and demand equations. 

The total average salary increment over the three two-year time 
spans would be the sum of the average increase obtained by changing 
occupations (ASq) , any average increase due to a change in employer 

(ASj), the effects of aging (dS/dt) , and random effects (e) caused by 

such unobservable factors as luck. Formally, then, the total average 
salary increment is given by the following equation: 

JC 

{k) AS-j- = ASq + ASj + ^ + c. 

Using ASj as a measure of the average instantaneous salary 

increment AS^ would thus give an errors-in-variables downward bias to 

the estimated slope coefficient 6^"^' in the structural supply equation 
(3). The standard solution to an errors-in-variables problem is to use 
exogenous information in the sample to estimate an instrumental 
variable to replace the poorly measured one in regression calculations. 
Unfortunately that procedure assumes th'jt the exogenous information in 
the sample gives an estimate of ASq that is not biased by leaving out 

an unobserved variable which is important in explaining the salary 
increments actually paid to induce mobility. 

In the National Register sample, what might be labeled as ability 
is just such an unobserved variable. The educational background, 
ascriptive, and career profile variables provide an estimate of ASq 

that is negatively correlated v/ith career mobility (simple correlation 
coefficient = -0.20 in th> whole sample of 155353 Ph.D.'s; it is -0.03 
in the subsample of mobil i Ph.D.'s). On the other hand, averaging only 
salary change in intervals ditring which an occupation change took place, 
gives an estimate of AS^ which has a larger proportion of its variance 

explained by occupation change, than does the average AS^ of all three 

salary increments during I96O-I966. This estimate has a simple 
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coefficient of correlation that is 0.01 for the niobile subsample. 

Inasmuch as there was no good solution to the problem of measuring 
ASq in the National Register sample, the estimates obtained for the 

mobility supply slope coefficient are probably quite biased toward 

zero. Table k reports the estimated structural supply equations obtained 

by regressing the number of occupations in which a Ph.D. worked during 

1960-1966 on the specialization dummy variable and the estimate of 

ASq jus?: discussed, as well as on the total average salary increment AS^, 

As v^xpected, the estimates obtained for the slope coefficient are 
positive, but so small as to be Inconsequential, when the estimate of 
ASq is used as a measure of the salary increment associated with an 

occupation change. On the other hand, specialists have a substantially 
greater preference than do non-specialists for the occupation for which 
graduate study prepared them. However, those specialized Ph.D. 's who 
have been induced to change occupations at least once are just about 
as likely to change occupations more than once, as are mobile non- 
special ists. 

For the whole sample, total average salary change was inversely 
related to career mobility. Average salary change was positively 
associated with mobility among the mobile Ph.D.'s. 

Given the problem of finding a good m^iasure for ASq, it is 
not surprising that obtaining an estimate of the structural demand 
equation (2) was the most difficult problem I encountered. This was 
especially the case with the estimated specialization effect, because 
specialists preference for their home occupation meant that those who 
did leave home were paid some additional amount to do so. 31 Yet my 
hypothesis was that they would have been raid even more to switch 
occupations if their educational training had been more general, less 
occupational 1 y specific. 

So I needed some control variable that isolated that portion of 
the salary increase paid to rpecialists that induced them to change 
occupations, from that negative portion that represented the cost of 



For those Ph.D.'s who never changed occupations there did not seem 
to be any very accurate measure available of salary offers they received, 
or could have received on inquiry; because these offers were never 
observed since this group never changed occupations. It was decided that 
the average ASj of the three salary increments would be a better estimate 
of ASq for this group, than the estimate that assumed ASq = 0. Combining 
this estimate with the average increment during occupation change intervals 
for the mobile Ph.D.'s gave a measure of ASq that also had a simple 
correlation coefficient of 0.01 in the whole sample of the 15i353 Ph.D.'s 
in their home fields as of I960. 

"*'ln the one-in-ten sample used for preliminary analysis, the mobile 
specialists had a $233 higher AS^ than did the immobile specialists, 
after adjusting for educational background, geographic area, employer 
type and I960 salary. 
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Table k 
.D MOBILITY SUPPLY CURVES 



Regression 
Standard a 
Error 



M 



M = 1.75 - 0.3^Zj + 0.0062 (aSq/1000) O.Sk 0,66 1.52 15353 

(0.01) (0.0027) 

M = 2.Zk - 0.06Zj + O.OOl'l (ASq/1000) O.kk O.kk 2.21 6551 

(0.01) (0.0021) 



M = '.77 - 0.3^Zj - 0.00032 (AS.J./1000) O.f^k 0.66 1.52 15353 

(0.01) (0.000A5) 

M = 2.23 - 0.06Zj + 0.0011 (aS^/IOOO) O.kk 2.21 6551 

(0.01) (0.0005) 
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the increment ]n occupat ional i y specific training that specialists obtained 
by studying the same discipline In undergraduate, as well as graduate, 
school. Of course It was just such a control for ability (or agressive- 
ness, or originality) that I did not have, as was indicated above. 

What was done was to substitute the demand rel a t f i)nshi p (2) into 
the supply equation (3), and estimate this semi-reduced form. The 
demand equation was then estimated by calculating its coefficients from 
the coefficients in this regression, and the estimated mobility supply 
equation coefficients. Now this i s stra i gtf orward enough, but recall that 
there is an Important left out variable in the demand relat i'^nsh ip 
specified in equation (2), which was labeled »'ability^^ above. This 
variable is positively correlated with the specialization measure, so 

that the specialization effect (a^^ + ap^6^^b will be biased toward 
zero (from below) in the seT.i -reduceu form. Using an unbiased estimate 
of the salary increment effect 6(3) In the mobility supply equation, to 
calculate the demand side specialization effect, would thus g i ve an est imate 

of that was baised upward and might even have the wrong sign. Just 

as would happeo^when a direct estimate of the structural demand equation 
was attempted."^ 

One possible solution is to use an estimate of the supply equation 
slope that is also biased in the same way. Consider the semi-reduced 
form: 

(5) H . . cp' Z, . 6'3)[«(» . E af) Z] . vp>Sl .(6<5'u(^' .u'')).. 

The expression In brackets is essentially the variation in hS^ that is 

explained by exogenous information in the National Register sample; that 
is. it varies just as the instrumental variables estimator for AS-^ does.33 

So the estimated coefficient 6^^' that is implicit in the coefficient 
estimates in the semi-reduced form (5) would be the same as the estimate 
of the slope coefficient in the mobility supply equation (3), when AS^ 

Is replaced by its instrumental variables estimator. 

Table 5 reports the estimated mobility demand equation coefficients 
calculated from the semi-reduced form (5)i and the mobility supply curve 
estimated using instrumental variables. 3^ As the theory outlined in 



^^See Appendix Table 1 for these direct estimates on the two 3ub-samples. 
The additional right-hand variables for employer type and geographic 
area were included in those regressions to hold constant any effect of 
price level changes, or sny salary growth differences in the three 
employer-type channels. 

^^The only difference would be that the bracketed expression also contains 
the error uO; Lut as long as this error is not correlated with any of 
the sample's exogenous variables, or with either of the other structural 
equation error terms, then it has no effect on the estimated relationship 

bet\.'C^:n rnobi'ity and Inc instrumental variables es': i ma tor f or AS^. 

^\he instrumental var iabl es ,est Imator was estimated on the mobile sub- 
sample, and then applied to the immobile Ph.O.*s to give an estimate of 
unobserved salary offers AS^ to this latter group. The estimated supply 
equations using this instrumental variable for ASq were M = 2.18 - .30Z, 
-.00023 ASq for the whole sample of 15,353 Ph.D.^s, and M = 2.27 - .06Z^ 
r^p.® - .OOOOlBASn for the subsample of 6,551 mobile Ph.D.'s, 
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Table ? 

ESTIMATED MOBILITY DEMAND CURVES 

Ph.D. Field 



Statistics 

Physics 

Engineering 

Biomedical Science 

Mathematics 

Psychology 

Astronomy 

Agricultural Science 
k'Titerdlscipl I nary 
Earth Science 
ChemI stry 

Biological Science 

1E -£.L£i i -at ion Effect 
Wholf^ $-837 
Mobile -2203 



Constant 



'AS 



Whole 
1912 



Whole Sample 
$-1012 
350 
-2232 
-3070 
2^*0 
519 
119 

-3'»3t:> 

-3663 
119 
-1029 
0 



MobI le Ph.D. 's 

•5817 

501 
-6723 

557 
-3189 
-1019 
567^* 
-2996 
-V0'»29 
-3568 
-66'»7 

0 



i960 Salc-ry Effect 

Whole -.0^*8 

Mobile -,^407 

Mob i 1 e 
$13,535 

1,828 
2,518 
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Section 1 would predict, specialists were penalized for the i r mor ^ . 
occupatlona My specific educational training by about $800 , i n terns 
of the salary increments they were paid to change occupations. Among 
just the mobile Ph,D,*s, the estimated costs of speclallz/^tlon were evert 
greater-^about $2,200. However, the estimated slope coefficient 

6^^^ is biased downward when the mobility supply equation is estimated 
cn just the mobile subsample, because that subsample was selected to 
exclude Ph.D.*s who did not change occupations. Thus the estimated 
equation for mobility demand among the mobile Ph.D.'s has coefficients 
that are all quite biased upward in absolute value. 

The i960 salary effect is negative, representing the fact that 
Ph.D,'s who were highly paid in 1960 were less likely to find a job 
In another occupation that would increase their salaries as much on 
average as those who were in the lower paying occupations in I960. The 
Ph.D, field effects do not isolate the influence of relative Icnowledge 
transferability as 1 had hoped, because the effects of demand and ability 
on salary interacted strongly In the sample with sicill transferability. 

6. Conclusion 

The occupational transferability of sl<ills learned in school is an 
Important determinant of a Ph.D.'s career mobility. The costs of 
specialization to a Ph.D. who later in her career changes occupations 
are estimated to be $800, even though that Ph.D. would probably under- 
talce additional on-the-job training to prepare for such a switch. These 
costs, plus the greater preference specialists have for wori^ in their 
specialty field, reduce the career mobility cf specialized Ph.D.'s 
about 10^. On the other hand, specialists who remain employed in their 
Ph,D* field earn a return of $80 per year on the extra skill they 
acquired in their Ph.D. specialty by taking the same field as an 
undergraduate major. 
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Appendix Table 1 
ESTIMATED COEFFICIENTS FOR SALARY GROWTH DETERMINANTS 



Ph.D. Fl-eld I960 Geographica Area 





1 m 

1 m 


Mob. 




1 m 




noD . 




























— 


0 




Statistics 


$809 


$995 


$321 


N.E. 


$ -3 


$335 


$129 




(216) 








(91) 


(230) 


(119) 


Physics 


597 


5^9 


386 


H.AT. 


23 


2i*l 


\k\ 


(^3) 








(75) 


(189) 


(98) 


Engineering 


i*2i* 




2kb 


S.AT. 


-207 


235 


-1 


(103) 








(89) 


(227) 


(117) 


Biomedical Science 


305 


^ ✓ 

-266 


129 


E.N.C. 


31 


21k 


167 




(^63) 








(78) 


(195) 


(101) 


Mathematics 


855 


582 


397 


E.S.C. 


-98 


-185 


-182 




(57) 


(195) 


(100) 




(96) 


(233) 


(120) 


Psychologv 


^15 


i*88 


257 


W.N.C. 


-250 


98 


\k 




(159) 


(82) 




(89) 


(222) 


(115) 


Astronomy 


722 


356 


-Uk 


W.S.C. 


-159 


1 1 


-91 


(183) 


(518) 


(267) 




(89) 


{21k) 


(116) 


Agr Icul tural Science 


-270 


-838 




MTN. 


-2kk 


101 


-73 


(35^) 


(172) 


(89) 




(91) 


(235) 


(121) 


1 nterdi scipl inary 


139 


-I8i» 


-7 


PAC. 


-30 


179 


nk 


(258) 


(I2i*) 






(80) 


(202) 


(IOh) 


Earth Science 


153 


216 


-39 


OUT. 


0 


0 


0 




(56) 


(180) 


(93) 










Chemi stry 


127 


66 


-29 


Moved 


25 


341 


268 




(IM) 


(57) 


(1960- 


(30) 


(71) 


(36) 


Biological Science 


0 


u 


n 
u 


1966) 












31 
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Appendix Table 1 (Continued) 



Sped a 1 1 zat ion 


Effect 




i960 Salary Effect 




Mob 






\m 


Mob 






'Jo 








A C 


AC 


$38 
(35) 


$78 
(86) 






-.081 
(.003) 


-.0^1 
(.008) 


-.015 
(.00^) 


i960 Employer Type 














Hob 


Un 


Mob 
















AS.|. 


Acad . 
Bus. 


$-212 
(36) 

0 


$-212 
(76) 

0 


$-277 
(39) 

0 


Constant $2515 

Reg. Std. 1220 
Error 


$2186 $1836 
2^486 1281 


Govt. 


-8'4 

(^2) 


111 
(88) 


218 
(^5) 


AS 1785 


1828 


173'4 


Changed Type 
(1960-1966) 


-77 
(37) 


-15^ 
(83) 


-175 
(^3) 


Oac 1286 
AS 

N 8802 


2518 
6551 


1317 
6551 



ERIC 
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